The ExternE methodology for the estimation of external costs due to energy production is briefly summarised. The methodology was implemented for the estimation of externalities due to thermal power plant So~tanj (Slovenia) for the years 1994, 1998 and 2001. Results show that the estimated regional external costs are in the range of l741118146 rnEUROlkWh for the years 1994/1998/2001, respectively (applying costs of COz emissions at 18 EUROIt). The human health damages on adult population represent major part of the monetized damages due to secondary sulphate aerosols impacts and the consequently decreased expected lifetime of humans (10701630163 years on common European population, for the years 19941199812001, respectively).
Introduction
The environmental pollution from energy production is a widely recognised problem. In order to quantitatively assess impacts to the environment in its wider sense, an appropriate methodology has to be used. Such is the ExternE methodology developed on the EU level in 1995 [l] . It is widely recognised that the (electrical) energy has its own price covering only production costs. Production consists of all the technological phases involved in the life cycle of the energy production such as, fuel extraction (e.g. coal mining), construction (e.g. coal mine, power plant), fuel transportation, work force expenses and costs of disposal of the waste produced (e.g., fly and bottom ash disposal, waste water treatment). All mentioned can be identified as internal costs of energy production which are generally accepted.
On the other hand impacts on the environment, human health, buildings, materials, etc., seems not to be included in the electricity price. Therefore the so-called external costs, or externalities were introduced to evaluate economical damages to the environment in its wider sense.
It is obvious that the total costs of the energy production for society (in wider sense) consist of the internal and the external costs. The ExternE methodology can assist in the decision process of selecting energy production technology.
Brief description of the ExternE methodology
In order to better understand the results in this paper, a brief description of the methodology is given.
The ExternE methodology is suitable for the assessment of all possible technologies for energy production, e.g., power plants using various fossil fuels (coal, lignite, fuel oil, methane), nuclear power plants, wind driven power plants, geothermal power plants, photovoltaic power plants and waste incinerators.
The methodology uses the "bottom-up" approach (meaning phases fi-om energy production and pathways of impacts from technologies to the environment).
Description of the life cycle, for example for the coal-fired power plant, usually consists of the phases of coal mining, limestone mining (for flue gas desulphurisation, where applicable), power plant construction, transportation of coal, ash and other wastes and power production (usually most important).
It is usually valid that emissions of flue gases have the prevailing impact to the environment (e.g., energy production phase when using coal).
The main pollutants in flue gases are SOz, NO,, particulate matter, heavy metals (e.g. Hg), micro-pollutants (PCDDPCDF, PAH), CO, CO2 (main green house gases).
In order to explain impacts of the pollutants to the environment, and the calculation procedure of the damages in monetary values, the impact pathways approach is applied. The calculation procedure is performed in four steps:
Emissions: Inventory of all emissions must be carried out, including description of the technology for a given plant. For example, inventory of the SO2 emissions can be reported in tons per year. Dispersion: For each pollutant, the air dispersion modelling is performed separately on regional (all Europe) and local scale (100 by 100 km around the plant). Result: the imission concentrations per pollutant around Europe (model cell grid l00 by 100 km) and on local scale. Impacts: For each regional grid cell increase in the impact is calculated from the increased concentration of the pollutant. Impacts fi-om all the cells are added to the calculated regional impact per pollutant. The same applies for the local scale. Calculation is based on the pan-European inventoryldistribution of the damage receptors. Result: quantified impacts per pollutant to the damage receptors such as humans (health effects), crops (yield loss), materials (degradation of), forests (acid rain damage, timber loss), ecosystems (additional areas with eutrofication). Damages: Identified impacts have to be added to the common base. Monetization is a process of transformation of the impacts to their equivalent of estimated monetary value. The idea is to use widely accepted values of the caused harm, or to use the established "willingness to pay" principle by the society. Time shift between the pollution and the identified impact, GDP and inflation rate must also be considered (today damages will be payed later). This means that the damages get less expensive. Overall, discount rate is used (in the range from 0 to 10 %, usually 3 % is used). Calculation pathway is from the emissions to the monetary values (damages) see on Table 1 and Figure 1 (1990) Uncertainty of the assessed impacts and damages has many sources, them are:
The original uncertainty in any input data in all calculation phases. Extrapolation of the laboratory data to the model environment. Extrapolation of the doselresponse functions among the geographical locations. The assumptions regarding the threshold in dose/response fhctions. Missing data about the human behaviour and values. Political and ethical issues, especially regarding the monetary discount rates. Simplified scenarios for the long-term assessments. Some impacts cannot yet be monetary evaluated (e.g., ecosystems damage, COz emissions damage, damage to the monuments, etc.). The uncertainty regarding completeness of the identified impacts and damages.
The overall uncertainty is considerable and must be handled with alternative methods. The usual assessments of the uncertainty intervals does not make sense, thus the assessments with the sensitivity analysis, expert opinion and decision analysis are used.
The typical example is uncertainty in the monetary value of the greenhouse gases emissions resulting in the global warming. The IPCC reports that the monetary values are somewhere in the range from 5 to 125 US $ per ton of CO2 equivalent. Values used in ExternE studies and implementations are in the range from 3.8 to 139 EURO(1995) 
Implementation for the TPP Soitanj
Emissions of the pollutants from the energy production phase at the thermal power plant (TPP) So~tanj were identified. Due to the phased construction of the flue gas desulphurisation ( Transactions on Biomedicine and Health vol 5, © 2001 WIT Press, www.witpress.com, ISSN 1743-3525 plant). Main source of information and data about the technology and emissions was TPP So~tanj's Annual report [2] . In this report all five units on the site were considered. Annual emissions from all five units were incorporated to one model unit considered in calculations. Overview of the annual pollutant emissions (SO,, particulates, NO,, CO, CO2), the calculated average emission concentrations, and the emission factors regarding energy produced are given in the Table 2.   Table 2 : Overview of the input data regarding the pollutants emitted at the TPP SoStanj for three model years. Projection is used for the year 2001.
Results
The impacts and external costs on local and regional level (Europe) for years 1994, 1998 and 2001 were calculated according to the methodology and the emission inventory. All the calculations were carried out using Ecosense 2.0 software (part of the ExternE methodology).
Some calculated results for external costs for the TPP So~tanj are presented on Tables 3 and 4 . It should be noted that only summary of the results is given. Results are presented for the base year 2000, 3 % discount rate and monetization of morbidity based on the YOLL principle (years of life lost).
From the details on the human health consequences one can analyse impacts on the sub-receptor groups (endangered groups of the humans), type of the health consequences, pollutant, dose-response function used, unit of the We see, that the total regional damages to the environment for year 1994 are in the range of 13311 5611 80 mEURO/kWh (lowlmediumihigh value, respectively), for the year 1998 damages are in the range of 851991113 mEURO1kWh (lowlmediumlhigh value, respectively) and for the year 2001 damages are in the range of 24/27/30 mEURO1kWh (lowlmedium/high value, respectively). The human health damages are the most important (medium value of 150 mEURO1kWh for year 1994). For the human health damages, the medium damage (adult population) is estimated at 103 rnEUROkWh (impact: reduction of the human lifetime expectancy of the total European population is 1070 years for each TWh of the energy produced). This type of health damage has the prevailing impact. We can observe that the local impacts and damages are lower than regional, for about a factor of 1000, which is expected regarding the number of receptors. The suggested negative damages (assumed benefits) in Table 3 on the local and regional scale from the nitrates due to the emitted NO, need clarification: this is due to the secondary chemical reactions in the atmosphere between SO2, NO, in NH; [l] . Results in the Table 3 can be rearranged to calculate the specific damages for given pollutant emitted. For the greenhouse gases emitted, the medium monetary value of 18 EUROIt CO2 has been applied. Results for the scenarioslyear considered are presented in Table 4 . United Kingdom TPP ~o~t a n j (SLO) In this paper results of applying the ExternE methodology for the estimation of the local and regional scale external costs of the energy production are presented. The ExternE methodology is used in the EU as a tool for the Table 2 , and are higher than typical in the EU. The damages due to the emissions of the greenhouse gases were also estimated, according to the conservative low value of damages (1 8 EUROlt CO2). In this case the damages due to the CO2 emissions are estimated at about 1 8 to 19 mEURO1kWh. The overall medium damages to the environment, including damages fiom the greenhouse gases were estimated at about 17411 18/46 mEURO1kWh (for the years 19941 19981200 1, respectively), the medium annual overall damages are estimated at the 56313891156 Mio EURO (for years 19941199812001, respectively). The medium specific damages per ton of the emitted pollutant are: 49000-5900 EUROlt SOz, 1900-4700 EUROA NO, and 6000-7000 EUROlt particulates. These values are comparable with the range of values estimated in the national implementations of the ExternE methodology in the EU member states. For comparable technologies using lignite in the EU, external costs are estimated at about 20-25 mEURO/kWh [l] . We can conclude that external costs for TPP So~tanj were considerably higher for the years 1994 and 1998, but are already at the same level for the year 2001. In the year 2001 prevailing part of the external costs are damages from the NO, impacts on the human health (and no more SOz), thus possible future further reductions of the external costs should be performed by reducing these emissions.
The internal price of the electrical energy produced at the TPP SoStanj (unofficial data) is in the range of 45 to 55 mEURO/kWh (delivered at the TPP). We can conclude that the overall costs of the energy produced, from the view of the wider society, are underestimated by a factor of 2 to 3 (for the year 2001).
We plan to extend the assessment to the entire life cycle of energy production in the TPP SoStanj (especially waste disposal phase), and to make comparative assessment with the nuclear power plant KrSko. 
